The goal of this study was to characterize the degree of structuring of verbal and motor behaviours, unfolded during the application of an procedure called the Strange Situation. This procedure is used for assessing children's attachment quality during early stages of their development. Many studies have demonstrated that communicative interactions share features with complex dynamic systems. In such studies, estimations of degree of structure have been used to characterize the system's synchronization. Thus, assuming that processes of communicative interaction occur in the Strange Situation procedure, it was expected to find traces of synchronization. The metrics were estimated through a Categorical Cross-Recurrence Quantification Analysis applied to the behaviours of individuals and dyads. Two applications of the Strange Situation were implemented and recorded. Verbal and motor interactions among children, caregivers, and strangers were transcribed, categorized, and organized as time series. From each time series of original behaviours, randomized time series were created. Measures of recurrence extracted from Recurrent Plots, such as determinism, entropy, maximum line, laminarity, and trapping time, were calculated. Original and randomized time series were compared in terms of these measures. Results indicated that communicative interaction during the Strange Situation had a structure that mimics properties observed in social interactions where synchronization emerges. In our case, verbal behaviours were more prone to synchronization than motor behaviours, in both individuals and dyads, even though this pattern was more salient among caregivers and strangers than children. The relevance of having measures that can capture synchronization during the administration of the Strange Situation is discussed. Our preliminary findings allow us to point out that the application of RQA and C-RQA to the Strange Situation could not only contribute to methodology, but also contribute to emphasizing the role of coupling in communicative interaction generated by the application of this procedure to measure attachment patterns.
Introduction
Human communicative interaction is a phenomenon that behaves as a complex dynamic system [1] [2] [3] . The reason for the complexity observed in communicative interaction is because the number of components and relations between them increases to such an extent that a new phenomenon emerges, and this phenomenon cannot be explained by the constitutive components [2] . Complex dynamic systems, whether physical, chemical, biological, or social, share distinctive properties, among which synchronization is relevant. In broad terms, synchronization refers to the activity of two or more components at the same time or rate. In other words, this process occurs when two or more systems recurrently share a trajectory over a certain period [4] .
Synchronization has shed light on the understanding of the development, permanence, and fluctuation of a complex system. Research conducted under the dynamic system approach proposes that human communicative behaviour-at the intra-and interindividual levelsproduces synchronization and coupling [2] . Concordantly, findings indicate that some social-communicative interactions have characteristics of a complex dynamic system, where synchronization is a pivotal attribute [5] .
Complexity
Evidence of synchronization of intraindividual behaviours has been found in a series of perceptual [6] [7] [8] , motor [9] [10] [11] [12] , and simple decision tasks [13] [14] [15] [16] . Signs of synchronization between individuals have been observed in cooperative and noncooperative situations; and traces of coupling have been observed in linguistic and nonlinguistic interactions. Taking these results into account, it has been proposed that synchronization can be modulated by contextual factors [17] . For example, in a social context with negative valence, lower levels of synchrony were detected among the participants. Vink et al. [18] systematized scientific research and reported greater levels of synchronization between dyads when selfreports of rapport were described in terms of more intensity. Hove and Risen [19] found levels of sympathy were positively associated with levels of synchronization between participants. They also observed that when a partner (confederate) came later to the experiment to perform a task there were low levels of interpersonal synchrony between participant and confederate.
Complementarily, other studies have identified that coupling dynamics also vary depending on the conversational context. When a person speaks to a listener who is located somewhere else, better levels of understanding were observed with a delay of two seconds [20] . With this delay, it was also found that gazes exhibit synchronization and coupling. On the other hand, when two persons speak face to face, in real time, alternating the role of speaker and listener, the optimal coupling time is reduced to zero seconds [21] .
As a result of communicative interaction, synchronization plays an important role for social development [22] . It has been suggested that synchrony in mother-child interactions is not only significant for language acquisition but also significant for the development of social relationships and intersubjectivity. Along the same line, Stern [23] found that a lack of synchronization between parents and their children could affect the latter's behaviour and affective states.
A longitudinal study developed by Siller and Sigman [24] , with parents of children with autism, found that the communication between caregivers and children was predicted by the degree of synchronization in the interaction. Tunçgenç and Fawcett [25] conducted two studies in which children who were 9 months old and 12 months old were located in social and nonsocial contexts. They found that 9-monthold babies showed preference for objects in synchronous movement, regardless of whether the object was in a social context or not. However, 12-month-old infants showed a preference only for stimuli in a social context that moved synchronously with respect to them. Thus, synchronization of the movements was an important factor to guide the social preferences of babies [25] .
In sum, human communicative behaviour is considered a complex dynamic system, where synchronization is a relevant attribute. Signs of synchronization have been detected in various types of behaviour and cognitive processes, in both individuals and groups. There is evidence that levels of synchronization can affect and be affected by the initial conditions of the environment or by the affective-emotional state of the individuals. Furthermore, based on the aforementioned empirical background, it is possible to conjecture that the presence of synchronization in behaviour is an early marker of healthy development and that synchronization enables predicting the adaptive behaviour of humans in the early stages of their development.
The Theory of Attachment was proposed Bowlby [26] to understand how these early communicative behaviours and the degree of social adaptive behaviour are configured by the caregiver-child interaction. This theory explains how the first relationships of children with their caregiver are formed, based on the concept of attachment, which is described as "(. . .) the process by means of which children establish and maintain a special relationship with another individual who is considered better able to face the world" [27, p. 40] . Patterns of attachment are the result of instinctive responses for the protection and survival of the child. This process is considered as the bridge of early development and later development of social relations. Thus, the bond of attachment could be considered as the relationship established between babies and their caregivers, which influences their development and subsequent well-being.
There is an increasing amount of research about attachment in the early stages of development, personality development [28, 29] , social adjustment [23, 24] , as well as the development of psychopathology [30] . The collected background information indicates that the configuration of a particular attachment pattern is the result of an interaction between the natural dispositions of the child and the communicative and bonding patterns that caregivers manifest in a critical period [21] . Disruptions in the period in which this early bond is configured can have negative effects, of great impact, on the lives of individuals.
Patterns of attachment are observed under an experimental procedure called the Strange Situation (SS) [31] . The SS, developed by Ainsworth and colleagues, is the gold standard method to assess the quality of infant-caregiver attachment bond [32] . By proposing a mildly to moderately stressful experience for the infant, this laboratory assessment procedure activates the infant's attachment behaviour addressed to the attachment figure (the caregiver). The increase of the infant's stress activates the infant's attachment behavioural system. These attachment behaviours reveal how the infant organizes his/her expectations regarding the availability of the adult and how he/she can use the caregiver in order to return to calm. Once the infant is reassured, the attachment behavioural system is deactivated, and the exploration behavioural system is activated, evidencing the balance between attachment and exploration [33] . Thus, this procedure aims to identify patterns of attachment between the child and his or her primary caregiver in a laboratory situation where the child's stress is gradually increased by the presence of a stranger and two brief separations from the caregiver. The procedure is composed of eight episodes with a duration of three minutes each [30] . Episodes 5 and 8 are the moments in which the caregiver meets with the child, after having been separated in the previous episodes. The child's reactions are scored and categorized according to four criteria: Proximity and contact seeking; contact maintaining; avoidance of proximity and contact; and resistance to contact and comforting. Finally, according to Ainsworth Complexity 3 [31] and Ainsworth et al. [32] , children's reactions under the Strange Situation are classified into four patterns of attachment: (B) Secure: This pattern describes a child who uses the caregiver as a safe base for exploration and can manifest stress behaviour during separation. During the meeting, the child actively seeks caregiver contact through behaviours such as smiles, vocalizations, gestures or physical approach. (A) Insecure Avoidant: This pattern describes a child that shows exploration behaviours but displays few affective behaviours or rarely uses the caregiver as a safe base. During the separation, the child shows slight or no sign of stress. At the meeting, the child tends to avoid contact with the caregiver, such as avoiding gaze and physical contact or focusing attention on toys rather than the caregiver. (C) Resistant Insecure: This pattern depicts a child that during the separation seems extremely stressed. At the meeting, the child usually alternates contact and seeking of the caregiver with signs of rejection, even tantrums towards the caregiver. The child can also be very passive or show behaviours that denote anger. (D) Disorganized Insecure: In this pattern, the child expresses a series of contradictory or incomplete behaviours that would denote a lack of structure, such as interrupted movements, stereotyped movements, freezing/stilling, indicators of fear/apprehension, disorientation, and confusion towards the caregiver [21] .
From a dynamic complex system perspective, these attachment patterns should interact with other variables to give rise to a particular type of interaction [2, 8] . Furthermore, these patterns of attachment would also be an integral part of the synchronization with other people. Generally, children's attachment would be an important ingredient for synchronization of behaviours observed in social interactions with adults [11, 14, 34] . Thus, as the SS is an experimental protocol that promotes social-communicative interactions, and social interactions have shown attributes of complex dynamic systems, it was hypothesized that traces of synchronization between dyadic interactions of caregivers, strangers and children could be found.
Research in human communicative interactions has shown that synchronization is nonstationary; it experiences fluctuations and transitions [35, 36] . From a traditional perspective, these aspects are usually controlled or avoided because they add error to the results. However, from a dynamic system approach these aspects, rather than avoided, must be incorporated due to their informative nature. Abrupt changes in postures, introduction and changes of topics, and breaks in the continuum of the conversation, among other factors, could be indicative of qualitative shifts in the mental states of individuals in response to a particular situation [35, 37] . These behaviours are not isolated but rather chained, and they express a pattern that can be identified when are repeated over time. We hypothesized that Ainsworth's Strange Situation, even though it is a highly standardized protocol, has communicative aspects that show traces of relative synchronization between the actors. These signs of synchronization should be identified whether the behaviour is analysed over time, incorporating all aspects of the dynamics, such as fluctuations, transitions and stationarity.
Researchers in the field of dynamic systems have developed a series of techniques and parameters to study synchronization without abandoning its critical aspects, such as nonstationarity, fluctuations, and transitions. One technique that has proven to be useful in the analysis of system synchronization is the Recurrence Quantification Analysis (RQA) [38] . RQA is a multidimensional nonlinear method used to discover attractors from tenuous correlations and subtle repetitive patterns in a time series where the data are noisy, irregular, and with many factors or dimensions affecting their configuration [8, 39, 40] . RQA does not require additional treatment or assumptions about data distribution or size, and it can be applied to both linear and nonlinear variables [8, 39, 41] . Measures extracted by mean of RQA are estimated from recurrence plots (RPs). As depicted in Figure 1 , the RP is a graphical representation of a matrix of recurrence that highlights aspects that cannot be detected in the original data set. In formal terms, the RP is an autocorrelation of x (t) with x (i) through the abscissa and x (j) through the ordinate. Only points that satisfy the condition x (i) = x (j) are plotted [12, 41, 42] . From a RP, several quantitative and reliable measures can be estimated, such as the percentage of recurrence that quantifies the proportion of recurrent points that fall within the recurrent plot with a specified radius. The percentage of determinism quantifies the degree of randomness based on the proportion of recurrent points that form a diagonal line, called identity line [43] . Determinism allows knowing if future states of the system are determined by their previous states. Periodic signals can produce long diagonal lines; chaotic signals can generate short diagonal lines, and, finally, stochastic signals cannot generate any diagonal line at all. Entropy represents the uncertainty based on Shannon's entropy, which identifies the degree of disorder expressed by a system. This measure is calculated from the lengths of all diagonal lines that are organized in a histogram according to their distribution. For simple periodic systems, in which all diagonal lines have equal length, the expected entropy is equal to zero. The maximum line represents the length of the longest diagonal line on the RP when the diagonal line of identity has been excluded. Hence, it is a measure of system stability. If the length is shorter, the signal is chaotic, and if the length is larger, the signal is more stable [8] .
Cross-Recurrence Quantification Analysis (C-RQA) is used with signals coming from two interacting systems [44] [45] [46] [47] [48] [49] [50] . C-RQA, like RQA, quantifies coordinative patterns based on an analysis of the sequence of behaviours performed in real time [40, 41] . Figure 1 shows RPs with interesting features, which can be quantified in various ways [38] . One way is to focus on the diagonal line structures, because they depict a sequence of iterations. When the focus is on vertical lines, two additional measures can be estimated that are considered more informative in terms of the structure of two interacting signals: Percentage of laminarity that represents the proportion of recurrence points that form vertical lines. The laminarity percentage is similar to that of determinism, except that it depicts the proportion of recurrent points comprising vertical line structures rather than diagonal. Finally, there is another measure called trapping time, which represents the mean length of vertical lines. . Panel (a) shows a RP with a delay of 1 and an embedded dimension equal to 1, in which it is possible to observe a diagonal line and coloured squares that show repetitions-in speech-of certain grammatical structures (e.g., verb, pronoun, adjective, article, adverb, among others) while the individual was interacting communicatively. Panel (b) shows a RP in which the original verbal expressions were randomized (reshuffled). Randomization destroyed the sequences and, therefore, the coherence with which the behaviours was appearing while the interaction was taking place. Thus, the RP represented by Panel (b) shows a random pattern of behaviours, in which predictability is very low, there is maximum entropy, and there is no system stability at all. Panel (c) shows a RP generated from a dyadic interaction in which C-RQA was applied. This RP and its randomized version (Panel (d)) have a characteristic that differentiates them from the RPs in panels (a) and (b). This is because the diagonal identity line is not present. Being two systems that interact, the diagonal line of identity tends to disappear.
RQA and C-RQA have been applied to detect recurring features and patterns of complex dynamical systems, which result from one or two signals interacting over time [38, 43, 48] . In psychology, such signals can be fluctuations in gait, postural changes, eye movements, or informational patterns, such as syntactic structures or words exchanged by two persons during a communicative interaction. In fact, there is a large corpus of evidence in which these nonlinear techniques have been used to analyse postural fluctuations [42] , conversational interaction between caregiver and child [34, 51, 52] , coupling of time series of verbalizations and gestures [50] , and reading comprehension [53] . Additionally, Complexity 5 through these analyses, interpersonal coordination has been characterized in terms of coupling of eye movements [42] , body movements [41, 54] , child behaviour and sleep [55] , patterns of aggression [29] , minimal and effective forms of coordination during the dialogue [4] , and early language development [46, 47] .
Even when RQA and C-RQA have been used in diverse contexts of communicative interaction, until now no research has been aimed at studying the communicative interaction of standardized routines with children, such as the Strange Situation. The implementation of Ainsworth's Strange Situation is organized in a very systematic and interesting way, and new techniques can help researchers to examine its temporal organization. Even though the main goal is to define the kind of attachment pattern of the infant, it is equally important to know how verbal expressions and motor behaviours are unfolded, and whether the structure observed in such variables can be used to estimate how traces of synchronization emerge among the individuals present during the evaluation.
Based on this background, our research aimed at analysing the unfolded verbal and motor behaviours among the participants of the Strange Situation (caregiver, child, and stranger), and to estimate, in reliable terms, the structure of these behaviours. The questions that we intend to answer are: What are the structural indicators of these behaviours that allow establishing traces of synchronization between the actors of the Strange Situation? What values do recurrence measures adopt in the behaviours of each individual and dyad (caregiver-child, stranger-child, and caregiver-stranger)?
Materials and Methods
Before implementing this research, the protocol was reviewed and approved by the University's Institutional Review Board (IRB # 1161533 and IRB # 1130773).
Participants.
Two female infants, 14-and-18-month old, with their respective biological mothers, were recruited for this research. Both mothers were married and had completed undergraduate studies, and, according to their income, they were classified as middle class. The "strangers" were two clinical psychologists, 25 and 30 years old each. Both specialists were trained and certified in the use of the protocol of the Strange Situation. Before carrying out the study, each mother-caregiver read and signed the informed consent that was explained in detail by the researchers in charge of the study. Clinical psychologists were randomly assigned as evaluators when the procedure of the Strange Situation was administered. The sessions were recorded in a Gesell room equipped with high-resolution cameras and microphones.
Procedure
(1) Evaluation with Strange Situation Protocol. Following the protocol proposed by Ainsworth and collaborators [32] , the assessment took about twenty minutes, organized in eight episodes that combined the separation and the reunion of the infant and the caregiver. The episodes lasted three minutes each. In the first episode, the caregiver enters the room with the child. In the second episode, the caregiver takes a seat while the child can interact with the toys. In this phase, the caregiver can interact with the child if the child requests it. In the third episode, the stranger enters the room, and takes a seat without interacting with the child or caregiver for a minute. The stranger then talks to the caregiver for a minute and then plays with the child for one minute. Episode four begins when the caregiver leaves the room, while the stranger stays with the child in the room. If the child is distressed, the stranger can comfort the child. In the fifth episode, the caregiver returns to the room and the stranger leaves. The caregiver knocks on the door before entering and says the name of the child. After waiting for a moment, she is free to respond to the child. She must then make the child interested in the toys and sit down again. In the sixth episode, the child is left alone in the room. In episode seven, the stranger enters the room. If the child is in distress, the stranger can comfort the child. In episode eight, the mother enters and the stranger leaves the room. The caregiver can behave in the same way as in the previous meeting. If the child is very stressed by the separations, these periods can have a shorter duration (30 seconds). The behaviours of the child observed during the two meetings (episodes 5 and 8) are coded in four scales (Proximity and contact seeking; contact maintaining; avoidance of proximity and contact; and resistance to contact and comforting). Based on these scores and taking into account the behaviour of the child throughout the procedure, the child is classified in the category of secure attachment (B), insecure avoidant (A), or resistant insecure (C). If, during the episodes that provided contact with the mother, the child presented disorganized behaviours that disrupted the organization of their attachment relationship, the classification applied is disorganized insecure attachment (D).
(2) Analysis and Categorization of Verbal and Motor Behaviours (2.1) Words Were Labelled with a Number by Using a Text
Converter. Regardless of the language, this text converter assigns a number that is characteristic and unique to each word (http://cognaction.org/rick/ati/). The procedure was repeated twice, comparing the numbers assigned to the word sequences. The reliability in assigning numbers to each word was perfect, with a Kappa value equal to one. Tables  1 and 2 . Two trained researchers, who did not participate in the application of the Strange Situation procedure, analysed the videos and categorized the behaviours of caregivers, strangers and children. These researchers were blind to the children's attachment pattern. Verbal expressions, babblings 
Crying, complaint 23
Much stronger crying 31
Babbles sound "Aa" 32
Babbles sound "Ee" 33
Babbles sound "Ii" 34
Babbles sound "Oo" 41
Shouts "Aa" 42
Shouts "Ee" 43
Shout s"Ii"
and periods of silence were transcribed and coded. A similar transcription and coding was done for body movements and gestures, where each behaviour was registered according to the moment it appeared. The interrater reliability between these two researchers was estimated with a Kappa Coefficient (Table 3 ) during three segments. The Kappa values were highly reliable, fluctuating between 0.71 and 1.0. Each video was divided into a discrete number of events. There were 676 events for Video 1 and 400 for Video 2. For each participant in the Strange Situation (child, caregiver, and stranger) verbal expressions and grammar, as well as body movements were maintained in the order in which they appeared. For each participant, three files were extracted with the original time series of the three types of variables. For each variable, randomized time series were generated. Thus, for each child, caregiver, and stranger there were six files containing the three original series and their respective randomized series.
From a dynamic perspective it has been proposed that original series of behaviour form regular patterns, which have certain properties different from the same randomized series [6] [7] [8] [9] [10] [12] [13] [14] [15] [16] . A strategy to account for the dynamic character of the behaviour has been to compare the original series with the same randomized series [53] . This strategy has been implemented with fractal techniques, such as Detrended Fluctuation Analysis, Standardized Dispersion Analysis, and Spectral Analysis [56] [57] [58] , and also applied with complexity measures such as RQA and C-RQA [13, 41] . Even when there are opinions contrary to this strategy and its assumptions [59, 60] , some researchers had shown that this strategy is convergent with other procedures that have proven to be robust in demonstrating the dynamic and complex nature of cognitive and behavioural processes [61] . Figure 2 depicts an example of this manipulation in which verbal expressions were categorized. For the original series (Panel (a)), 45 consecutive events were selected in which caregiver and stranger were interacting (between event 205 and event 251). The numbers represent certain types of words (verbs, nouns, articles, pronouns, adverbs, among others). For the randomized series (Panel (b) ), the words that were located between events 205 and 251 were selected, Differences between the original and randomized series can be visually detected. However, it is difficult to detect differences in series of 676 or 400 events. The same procedure was implemented with child-caregiver and child-stranger dyads. The complete string of verbal expressions and grammar was made up of 676 events for Video 1 and 400 events for Video 2. For individuals and dyads, original and randomized series were analysed by means of categorical RQA and C-RQA, respectively. From these analyses, measures of synchronization, such as determinism, maximum line, entropy, laminarity, and trapping time were estimated. Analyses were applied on original and randomized series, in order to be compared. Assuming that all communicative interactions have a dynamic structure in natural conditions, randomization should annihilate such structure. If the original and randomized series have the same value of determinism, entropy, laminarity, maximum line, and trapping time, it can be concluded that such a system has no coupling or synchronization.
Following the guidance of Dale and colleagues [51] for the implementation of RQA and C-RQA with categorical data, recurrence measures were estimated with one embedded dimension, and with delays of one lag. Unlike the analysis with continuous variables, in this case radius and delay were not estimated.
Results and Discussion

Categorical Recurrence Quantification Analysis for Individuals in Videos 1 and 2.
The results for children, caregivers, and strangers are summarized in Table 4 . It is possible to observe that the randomized and original series had the same level of recurrence. These results were expected, considering that randomized series were generated from the same data than the original data. Thus, the events that are part of the recurrence were organized in different order, but they are the same. Randomization breaks down the original structure, mainly affecting measures of determinism, entropy, maximum line, and laminarity. When the original structure of words, verbal expressions and grammar, and body movement was shuffled, a decrease in determinism and laminarity (lower predictability) and an increase in entropy (lower values of entropy in this case) were expected. These results, as predicted, were clearly observed in the words, Aims for toy 3 59 Takes toys 1 and 3 verbal expressions, and grammar of caregivers and strangers, while in children the levels of determinism, laminarity, and entropy tended to remain constant. In relation to the body movements displayed during the Strange Situation, adults showed slight increases in determinism levels and decreases in entropy and maximum line levels. In contrast, the percentage of determinism in children tended to remain stable, and entropy, especially in Video 1, tended to maintain its values, while in Video 2, a decrease was not as noticeable as in the case of adults. Based on determinism and laminarity, it is possible to establish that communicative behaviours of caregivers and Complexity 9 Note: Ch-Ca = child-caregiver dyad; Ch-St = child-stranger dyad; Ca-St = caregiver-stranger dyad.
strangers had higher levels of synchronization with themselves compared with communicative behaviours of children. That is to say, the initial structure of verbal and motor behaviours was a strong predictor of subsequent behaviours. On the other hand, the decrease in entropy and maximum line indicated that there was a structure or pattern in the way behaviours were organized in natural conditions. And this pattern was different from a pattern of random organization.
Categorical Cross-Recurrence Quantification Analysis for Dyads in Videos 1 and 2.
The results for dyads in Videos 1 and 2 (see Table 5 ) partially replicated the values observed with individuals. For string of words, verbal expressions, and grammar, the most notorious changes were observed at the level of determinism, entropy, maximum line, and trapping time, with the original time series having higher values than the randomized series. In contrast, for body movements, changes were detected in entropy and, to a lesser extent, in maximum line and laminarity. In the three dyads, the entropy levels were higher in the original series than in the randomized series, while only in the caregiver-stranger dyad the maximum line of the original series was greater than that of the randomized series. In verbal expressions, the dyads presented values that allow us to assume a degree of synchronization. However, in terms of motor behaviour, the caregiver-stranger dyad was the only one that showed slight signs of synchronization.
Our findings indicate at least three relevant aspects. Verbal and motor behaviours revealed different degrees of synchronization [5, 11] . Words, verbal expressions, and grammar had more clear-cut indicators of synchronization and structure than body movements [43] . Likewise, individuals involved showed diverse degrees of synchronization with themselves. Both adults, caregiver and stranger, expressed better indicators of such internal coupling than infants. Finally, the synchronization indicators appeared clearly in all dyads, even when the caregiver-stranger dyad presented better indicators of coupling than the dyads where the infants were involved. The communicative interaction is a multidimensional phenomenon, in which a series of variables operating at different time scales are intertwined [44] . The analysis techniques used by us reduced the multidimensionality to the two dimensions present in the recurrence plot [39, 41, 48] . Verbal behaviours were expressed on a different time scale than motor behaviours. These verbal behaviours were a better example of the dynamic present in the Strange Situation. The dynamic was observed more clearly in the verbal behaviour of caregivers and strangers, especially when they were together in a dyad.
Comparison of Means between Groups Segmented by
Communicative Behaviours, Individuals, and Dyads. Based on the recurrence measures obtained from both videos, we proceeded-in heuristic terms-to compare the original and randomized series with a Wilcoxon signed-rank test, a nonparametric test for related samples. The first comparison was segmenting by type of communicative behaviour (string of words, grammar, and body movements). In this case, the recurrence measures from individuals and dyads were grouped to estimate an average. The second comparison was among individuals (child, caregiver, and stranger). Finally, the third comparison was segmenting by dyads (childcaregiver, child-stranger, and caregiver-stranger). In both case, for individual and dyads, recurrence measures from string of words, grammar and verbal expressions, and body movements were clustered to estimate their respective average.
As described in Figure 3 (Panels (a), (b), (c), and (d)), for the string of words the original series had a significantly higher percentage of determinism (Z = -2.82, p = .005), entropy (Z = -3.06, p = .002) and maximum line (Z = -2.20, p = .028), and a marginally higher laminarity (Z = -1.65, p = .09) than in the randomized series. The same trend was observed with verbal expressions and grammar (Panels (e), (f), (g), and (f)), where the original series had significantly more determinism (Z = -2.82, p = .005), entropy (Z = -3.06, p = .002), and the maximum line (Z = -3.06, p = .002) had a marginally higher laminarity (Z = -1.65, p = .099) than the randomized series. For body movements (Panels (i), (j), (k), and (l)), the original series had higher levels of determinism (Z = -3.06, p = .002), entropy (Z = -2.51, p = .012), maximum line (Z = -2.32, p = .021), and laminarity (Z = -2.43, p = .016) than the randomized series.
In Figure 4 (Panels (a), (b), (c), and (d)), segmenting by individuals, the children in the original series presented marginally higher levels of maximum line than in the randomized series (Z = -1.83, p = .06); however no differences were detected in terms of determinism, entropy, and laminarity (Zs ≤ -.11, ps ≥ .91). For caregivers (Panels (e), (f), (g), and (h)) and strangers (Panels (i), (j), (k), and (l)), the original series showed higher levels of determinism, entropy, and maximum line (Zs ≤ -2.20, ps ≤ 0.028) than the randomized series. However, no differences were observed in terms of laminarity (Zs ≤ -1.58, ps ≥ .11).
When focusing on dyads ( Figure 5 ), it is possible to observe that the child-caregiver dyad (Panels (a), (b), (c), and grammar showed a structure that resembles a typical coupling pattern. This structure was more defined and clearer than the one observed in body movements. The actors involved in the Strange Situation showed noteworthy differences among them. While children clearly showed no traces of a structure, other than that observed by chance; the behaviours of caregivers and strangers had clear traces of dynamic patterns, typical of coupled systems. Finally, all dyads presented clear synchronization indicators, especially caregiver-child dyads. It is important to note that verbal and motor behaviours expressed by children did not have elements that indicate a coupling pattern. However, when these children interacted with their respective caregivers, the communicative behaviour between them clearly expressed signs of synchronization.
Conclusions
The purpose of this research was to characterize the degree of structuring of behaviours in order to identify the parameters of synchronization in a protocolized communicative interaction, Ainsworth's Strange Situation [21, 27, [31] [32] [33] , by analysing the unfolded verbal and motor behaviours among caregivers, children, and strangers [31] [32] [33] . These behaviours were scrutinised using a nonlinear technique named Categorical Cross-Recurrence Quantification Analysis [5, 38, 39, [41] [42] [43] . From these analyses, it was expected to estimate measures that have been used to characterize degrees of coupling between systems [44] [45] [46] [47] [48] .
The findings showed that words and verbal expressions and grammar had clear parameters of synchronization, taking into account the fact that determinism, entropy, maximum line, and laminarity were higher in the original series in comparison to the randomized series [16] . In the case of body movements, communicative patterns showed a type of synchronization with a recurrent structure, where the initial states enabled predicting the final states of the system, but whose stability was not different from a series where the motor behaviours appear in a random manner [40, [43] [44] [45] [46] [47] [48] 51] . Thus, our results indicate that verbal behaviours-in the Strange Situation-are part of a communicative phenomenon that expresses higher levels of synchronization than motor behaviours [45, 46] . This preliminary finding emphasizes that the communicative interaction has synchronization features, but these attributes are not homogeneous. If, until now, we assumed that communicative interaction-among three people interacting during a protocolized evaluation-was globally synchronized, our results suggest that some aspects have more dynamic characteristics than others.
For children, the values of determinism, entropy, maximum line, and laminarity remained constant between the original and randomized series. Thus, the structure of verbal and motor behaviours expressed for children was not different from what was to be expected if these behaviours appeared in a random manner. In contrast, for adults-caregivers or strangers-the values of determinism, entropy, laminarity, and maximum line were significantly reduced when their original series were randomized, suggesting that the original series of communicative behaviours had a synchronization pattern that was far from a random organization. This made us aware that, in a communicative interaction, not all actors involved have synchronized behaviours. However, when analysing the recurrence of two people interacting, the system itself shows traces of synchronization, even when one of the actors (in our case the children) does not show synchronization traits.
We are still blind to the attachment pattern of these two girls who participated in the Strange Situation. However, there are two possible scenarios that we conjecture. In the first one it can assumed that both infants have the same [31] [32] [33] . Under this scenario, the observed recurrence values (entropy, laminarity, determinism, among others) did not detect the differences that the infants manifested in their attachment behaviours or how this pattern of attachment was unfolded in the interaction with adults. So, in order to disambiguate this problem our current work is aimed at analysing more Strange Situation videos, where each of the four types of attachment patterns can be represented proportionally. Thus, this preliminary investigation can be improved with the incorporation of more children classified according the four types of attachment [21] , in such a quantity that comparisons can be made in terms more robust [44] . Attachment patterns are discrete categories defined by certain behaviours. Some of them promote communicative interactions with adults, while others restrict them [30] . Therefore, it is expected that recurrence parameters tend to vary from one type of attachment pattern to another.
Our study resembles a study with small samples or two unique cases study. The nonparametric contrasts that we conducted were purely heuristic and corroborated what the tables expressed. However, the possibility of comparing means depends on having an adequate sample size. Despite this limitation, the direct observation of the recurrence parameters in the recurrence plots is an extended practice, because the means and deviations are deceptive, insofar as they can hide the temporal structure of the behaviours [2, 8, 40, 43] . Two groups could have the same mean and the same standard deviation and not show significant differences. However, they could have a different structure of variability over time. This last aspect is what the recurrence plots and RQA identify and that we have applied to Ainsworth's Strange Situation.
The Ainsworth's Strange Situation protocol is intended to study the infant's attachment pattern. In this protocol, two adults, the caregiver and the stranger, interact with the infant. However, it is also possible to observe that these adults interact with each other for a few minutes. In that sense, the interaction between the caregiver and the stranger is susceptible to be analysed in terms of verbal and motor behaviour. Considering that the central objective is to establish the attachment pattern of the infant, a rational and feasible decision could be to omit information regarding the few minutes of interaction between the caregiver and the stranger; however, we believe that it is early to make such a decision, considering that we are still estimating the weight that each actor has in the interactions that the protocol promotes. Social interactions have a dynamic character; therefore what will happen in the future is a function of what has happened in previous phases. Therefore, we suppose the interaction of these two adults in a previous phase could be an important ingredient that affects their interaction with the infant in the following phases.
Data Availability
The data used to support the findings of this study are available from the corresponding author upon request.
Conflicts of Interest
The authors declare that there are no conflicts of interest regarding the publication of this paper.
